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Overview of method 99 100
In its current form, sci-RNA-seq relies on the following steps ( Fig. 1a) : (1) Cells are fixed and 101 permeabilized with methanol (alternatively, cells are lysed and nuclei recovered), and then split 102 across 96-or 384-well plates. (2) To introduce a first molecular index to the mRNA of cells 103 within each well, we perform in situ reverse transcription (RT) with a barcode-bearing, well-104 specific polyT primer with unique molecular identifiers (UMI). (3) All cells are pooled and 105
redistributed by fluorescence activated cell sorting (FACS) to 96-or 384-well plates in limiting 106 numbers (e.g. 10-100 per well). (4) We then perform second strand synthesis, transposition with 107
Tn5 transposase (Nextera), lysis, and PCR amplification. The PCR primers target the barcoded 108 polyT primer on one end, and the Tn5 adaptor insertion on the other end, such that resulting PCR 109 amplicons preferentially capture the 3' ends of transcripts. Critically, these primers introduce a 110 second barcode, specific to each well of the PCR plate. (5) Amplicons are pooled and subjected 111 to massively parallel sequencing, resulting in 3'-tag digital gene expression profiles, with each 112 read associated with two barcodes corresponding to the first and second rounds of cellular 113 indexing (Fig. 1b) . 114 115
Because the overwhelming majority of cells pass through a unique combination of wells, each 116 cell is effectively "compartmentalized" by the unique combination of barcodes that tag its 117 transcripts. As we previously described, the rate of "collisions", i.e. two or more cells receiving 118 the same combination of barcodes, can be tuned by adjusting how many cells are distributed to 119 the second set of wells (25). The sub-linear cost-scaling of combinatorial indexing follows from 120 the fact that the number of possible barcode combinations is the product of the number of 121 barcodes used at each stage. Consequently, increasing the number of barcodes used in the two 122 rounds of indexing leads to an increased capacity for the number of cells that can be profiled and 123 a lower effective cost per cell (Fig. S1 ). Additional rounds of molecular indexing can potentially 124 offer even greater complexity and lower costs. Pertinent to experiments described below, we 125 note that multiple samples (e.g. different cell populations, tissues, individuals, time-points, 126 perturbations, replicates, etc.) can be concurrently processed within a single sci-RNA-seq 127 experiment, simply by using different subsets of wells for each sample during the first round of 128 indexing. 129 130
Application of sci-RNA-seq to mammalian cells 131 132
To evaluate the scalability of this strategy, we performed a 384 well x 384 well sci-RNA-seq 133 experiment. During the first round of indexing, half of the 384 wells contained pure populations 134 of either human (HEK293T or HeLa S3) or mouse (NIH/3T3) cells, whereas half of the wells 135 contained a mixture of human and mouse cells. (Fig. 4a ).
257
Somatic cell types comprised 37,734 cells. We identified genes that were expressed specifically 258 in a single cluster, and by comparing those genes to expression patterns reported in the literature 259 assigned the clusters to cell types (Table S2) . Of the 29 clusters, 21 represented exactly one 260 literature-defined cell type, 5 contained >1 distinct cell types, and 3 contained cells of unclear 261 type. Neurons, which were present in 7 clusters from the global analysis, were independently 262 subclustered, revealing 10 major neuronal subtypes (Fig. 4b) . 263 264
Overall, the global and neuron-specific clustering analyses allowed for the construction of 265 expression profiles of 27 well-defined cell types (Fig 4e; not counting "unclassified neurons" 266 and "other glia"). 11 of these cell types are represented by 1 to 6 cells in an individual L2 worm. 267
Examples of these fine-grained cell types include the distal tip cells of the developing gonad (2 268 cells), the excretory canal cell (1 single cell) and canal associated neurons (2 cells), and the 269 amphid/phasmid sheath cells (4 glial cells). 270 271
Each C. elegans animal contains exactly the same number of cells, which are generated 272 deterministically in a defined lineage (31, 32). Comparing the observed proportions of each cell 273 type to their known frequencies in L2 larvae showed that sci-RNA-Seq captured many cell types 274 at or near expected frequencies ( Fig. 4c ; 15 types had abundance ³ 50% of the expectation). 275
Body wall muscle was 2.4-fold more abundant in our data than in the animal, probably reflecting 276 its ease of dissociation. Only one abundant cell type, the intestinal cells, was absent. We 277 speculate that this was due to our gating strategy during FACS, which excluded cells based on 278 This raised the possibility that despite being able to detect many distinct cell types in the worm, 284 our molecular definition for each would be incomplete. However, we observed that half of all C. 285 elegans protein-coding genes were expressed in at least 80 cells in the full dataset, and 64% of 286 protein-coding genes were expressed in at least 20 cells. As many genes are expressed 287 specifically in embryos or adults, our gene expression measurements likely include most of the 288 protein-coding genes that are truly expressed in L2 C. elegans. The "whole-worm" expression 289
profile derived by aggregating all sci-RNA-Seq reads correlated well with published whole-290 organism bulk RNA-seq (34) fetal bovine serum. Cells were separated from worm debris by centrifuging the pronase-treated 383 worms at 150 g for 5 min at 4°C. The supernatant was transferred to 1.6 ml microcentrifuge tube 384 and centrifuged at 500 g for 5 min at 4°C. The cell pellet was washed twice with egg-buffer 385 containing 1% BSA. 386 387
Sample Processing 388
All cell lines were trypsinized, spun down at 300xg for 5 min (4°C). and washed once in 1X PBS. 389
C. elegans cells were dissociated as described above. 390 391
For sci-RNA-seq on whole cells, 5M cells were fixed in 5 mL ice-cold 100% methanol at -20 °C 392 for 10 min, washed twice with 1 ml ice-cold 1X PBS containing 1% Diethyl pyrocarbonate (0.1% 393 for C. elegans cells) (DEPC; Sigma-Aldrich), washed three times with 1 mL ice-cold PBS 394 containing 1% SUPERase In RNase Inhibitor (20 U/µL, Ambion) and 1% BSA (20 mg/ml, 395 NEB). Cells were resuspended in wash buffer at a final concentration of 5000 cells/ul. For all 396 washes, cells were pelleted through centrifugation at 300xg for 3 min, at 4°C. 397 398
For sci-RNA-seq on nuclei, 5M cells were combined and lysed using 1 mL ice-cold lysis buffer 399 (10 mM Tris-HCl, pH 7.4, 10 mM NaCl, 3 mM MgCl2 and 0.1% IGEPAL CA-630 from (37)), 400 modified to also include 1% SUPERase In and 1% BSA). The isolated nuclei were then pelleted, 401 washed twice with 1 mL ice-cold 1X PBS containing 1% DEPC, twice with 500 µL cold lysis 402 buffer, once with 500 µL cold lysis buffer without IGEPAL CA-630, and then resuspended in 403 lysis buffer without IGEPAL CA-630 at a final concentration of 5000 nuclei/µL. For all washes, 404 nuclei were pelleted through centrifugation at 300xg for 3 min. at 4°C). 405 406
For cell-mixing experiments, trypsinized cells were counted and the appropriate number of cells 407 from each cell line were combined prior to fixation or lysis. Fixed cells or nuclei were then 408 distributed into 96-or 384-well plates (see Table S1 ). For each well, 1,000-10,000 cells or nuclei 409 (2 µL) were mixed with 1 µl of 25 µM anchored oligo-dT primer (5′-410  ACGACGCTCTTCCGATCTNNNNNNNN[10bp  411 index]TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN 412 -3′, where "N" is any base and "V" is either "A", "C" or "G"; IDT) and 0.25 µL 10 mM dNTP 413 mix (Thermo), denatured at 55°C for 5 min and immediately placed on ice. We visualized the clustering of sci-RNA-seq data from populations of pure HEK293T, pure 483 HeLa S3 and mixed HEK293T + HeLa S3 cells using t-Distributed Stochastic Neighbor 484
Embedding (tSNE). The top 3,000 genes with the highest variance in the digital gene expression 485 matrix for these cells were first given as input to Principal Components Analysis (PCA). The top 486 10 principal components were then used as the input to t-SNE, resulting in the two-dimensional 487 embedding of the data show in Fig. 2D . The process was repeated using only intronic reads (Fig.  488  S3B) . For this analysis, the top 2,000 (instead of 3,000) highly variable genes were used as input 489 to PCA; all other parameters remained unchanged. 490 491
Genotyping of single HeLa cells by 3' tag sequences 492 HeLa S3 cell identity was verified on the basis of homozygous alleles not present in the hg19 493 assembly, using a callset derived from (39). Single-cell BAM files (with cellular indices encoded 494 in the "read_id" field) were concatenated, and then processed as follows using a python wrapper 495 of the samtools API (i.e. pysam). For each homozygous alternate SNV overlapping with a 496 GENCODE V19 defined gene (n = 865,417) in the HeLa S3 variant callset, we computed the 497 fraction of matching (i.e. HeLa S3 specific) alleles, and computed this value for all cells where at 498 least 1 read containing a polymorphic site. We then re-plotted in R the tSNE visualization shown 499
in Fig. 2D , now colored by the relative fraction of homozygous alternate alleles called for each 500
cell. 501 502
Analysis of C. elegans whole-organism sci-RNA-seq experiment 503
A digital gene expression matrix was constructed from the raw sequencing data as described 504
above. The dimensionality of this matrix was reduced first with PCA (40 components) and then 505 with t-SNE, giving a two-dimensional representation of the data. Similar to the approach in (40), 506 cells in this two-dimensional representation were clustered using the density peak algorithm (41) 507 as implemented in Monocle 2. Genes specific to each cluster were identified and compared to 508 microscopy-based expression profiles reported in the literature (Table S2) , allowing the distinct 509 cell types represented in each cluster to be identified. Based on these results, we manually 510 merged two clusters that both corresponded to body wall muscle, and manually split two clusters 511 that included hypodermis, somatic gonad cells, and glia. Seven clusters exclusively contained 512 neurons. We identified neuronal subtypes applying PCA, t-SNE, and density peak clustering to 513 this subset of cells using the same approach as for the global cluster analysis. 514 515
Consensus expression profiles for each cell type were constructed by first dividing each column 516 in the gene-by-cell digital gene expression matrix by the cell's size factor and then for each cell 517 type, taking the mean of the normalized UMI counts for the subset of cells assigned to that cell 518 type. These mean normalized UMI counts were then re-scaled to transcripts per million. Cells 519 that were part of a cluster corresponding to a cell type but did not express any of the marker 520 genes used to define that cell type were excluded when generating these consensus expression 521 profiles. 522 523
Comparing sci-RNA-seq and bulk RNA-seq data for HEK293T cells 524
To compare aggregated sci-RNA-seq single cell transcriptomes with bulk RNA-seq, we 525 performed bulk RNA-seq using a modified protocol (30). In brief, 500 ng total RNA extracted 526 from three biological replicate HEK293T samples (extraction using RNeasy kit (Qiagen)) with 527 the RNeasy kit (Qiagen) were used for reverse transcription following the standard SuperScript 528 II protocol. 500 ng total RNA (in 9 µL water) was mixed with 2 µL 25 uM oligo-dT (VN) (5′-529  ACGACGCTCTTCCGATCTNNNNNNNN[10bp  530 index]TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN 531 -3′, where "N" is any base and "V" is either "A", "C" or "G"; IDT) and 1 µL 10 mM dNTPs, 532 then incubated at 65°C for 5 min Following incubation, 8 µL reaction mix (4 µL 5X Superscript 533 II First-Strand Buffer, 2 µl 100 mM DTT, 1 µl SuperScript II reverse transcriptase, 1 µL 534
RnaseOUT) was added. Reactions were incubated at 42°C for 50 min and terminated at 70°C for 535 15 min. For second strand synthesis, 2 µL RT product was mixed with 6.5 µL water, 1 µL 536 mRNA Second Strand Synthesis buffer (NEB) and 0.25 µl mRNA Second Strand Synthesis 537 enzyme (NEB). Second strand synthesis was carried out at 16°C for 150 min, followed by 75°C 538 for 20 min. Tagmentation was carried out by adding 10 µL Nextera TD buffer, 1 µL Nextera Tn5 539 enyzme and incubating at 55°C for 5 min. Figure 2d ), with cells colored by fraction of reads harboring HeLa S3 specific SNVs relative to hg19 assembly. B.) tSNE using digital gene expression matrices constructed from intronic reads only. Cells are colored by the population of cells from which they derived, with pure HEK293T in red, pure HeLa S3 in yellow, and mixed HEK293T+HeLa S3 in pink 
